The RhD polypeptide and LW glycoprotein were separately immunopurified with monoclonal antibodies and compared by two-dimensional (2-D) iodopeptide mapping after digestion with a-chymotrypsin. These proteins have distinct 2-D maps, as seen after 1261-labeling tyrosine residues (chloramine-T procedure), and even more strikingly after labeling primary amine residues (Bolton-Hunter procedure). Of the more than 20 iodopeptides visualized, only five migrated identically when preparations of RhD and LW were directly compared, suggesting that RhD and LW are different HE HISTORY and notation of Rh and LW antigens T have been confused for a long time, since the Rhesus factor (Rh) originally described by Landsteiner and Wiener' using the heteroantibody produced by injecting rhesus monkey erythrocytes into rabbits and guinea pigs is now called the L W antigen.2 However, the RhD antigen is defined by the alloantibody first described as the cause of hemolytic disease of the n e~b o r n .~.~ Further, it has been found that rhesus monkey erythrocytes react with anti-LW but not with anti-Rh, whereas human erythrocytes, except those from Rh,,,, individuals, react with both reagents. It is now clear Rh and LWare two genetically independent blood group systems closely associated a t the phenotypic level, since absence of Rh antigens (in Rh,,,, or Rh,, individuals) results in the simultaneous absence of L W Although rare, the LW-phenotype has been found among Rh+ individual^.^ Current genetic models based on these findings have led to the speculation that Rh and L W antigens might have evolved from the same substrate,**"*'* but biochemical evidence for this theory has not been provided. The Rh polypeptides of human erythrocytes have only recently been purified and their N-terminal sequence determined.I3-" Moreover, two-dimensional (2-D) peptide mapping of the separately purified RhD, c, and E proteins indicated that the Rh antigens are present on three distinct but homologous proteins.I6 The Rh proteins were also found to lack detectable glyc~sylation.'~ Surprisingly, the Rh polypeptides are among the major acylated cell surface components, but the biologic significance of this finding is not yet clear.'' Our knowledge of L W chemistry is more limited. L W is carried by a 37 to 47-Kd glycoprotein harboring N-linked oligosaccharide chains and requires intramolecular disulfide bonds for antigenic rea~tivity.".~' Like the Rh proteins, the LW protein is linked to the membrane skeleton. When deglycosylated with N-glycanase, the L W protein is reduced to a 25-Kd apoprotein.2' Preliminary analysis also suggests that Rh and L W components have different cell-surface exposed peptides available for radioiodination.21 To further define the chemical relationship between Rh and LW, we have immunopurified these components from human erythrocytes and compared their structure by 2-D peptide mapping.
T have been confused for a long time, since the Rhesus factor (Rh) originally described by Landsteiner and Wiener' using the heteroantibody produced by injecting rhesus monkey erythrocytes into rabbits and guinea pigs is now called the L W antigen.2 However, the RhD antigen is defined by the alloantibody first described as the cause of hemolytic disease of the n e~b o r n .~.~ Further, it has been found that rhesus monkey erythrocytes react with anti-LW but not with anti-Rh, whereas human erythrocytes, except those from Rh,,,, individuals, react with both reagents.' In addition, L W antigens are present on red blood cells (RBCs) from many nonhuman primates, whereas RhD antigens are restricted to RBCs of humans and apes.' More recently, however, Rh-like proteins have been identified in nonhuman erythrocytes: suggesting that Rh proteins are relatively well-conserved and may carry some physiologic function not yet identified.
It is now clear Rh and LWare two genetically independent blood group systems closely associated a t the phenotypic level, since absence of Rh antigens (in Rh,,,, or Rh,, individuals) results in the simultaneous absence of L W Although rare, the LW-phenotype has been found among Rh+ individual^.^ Current genetic models based on these findings have led to the speculation that Rh and L W antigens might have evolved from the same substrate,**"*'* but biochemical evidence for this theory has not been provided. The Rh polypeptides of human erythrocytes have only recently been purified and their N-terminal sequence determined.I3-" Moreover, two-dimensional (2-D) peptide mapping of the separately purified RhD, c, and E proteins indicated that the Rh antigens are present on three distinct but homologous proteins.I6 The Rh proteins were also found to lack detectable glyc~sylation.'~ Surprisingly, the Rh polypeptides are among the major acylated cell surface components, but the biologic significance of this finding is not yet clear. ' To further define the chemical relationship between Rh and LW, we have immunopurified these components from human erythrocytes and compared their structure by 2-D peptide mapping.
EXPERIMENTAL PROCEDURES
Packed erythrocytes from blood units were filtered through a Sepacell R-500 leukocyte removal filter (Fenwal Laboratories, Deerfield, IL), and membranes were prepared as described.I6 The RhD polypeptide and the LW glycoprotein were purified by large scale immunoprecipitation from cDE/cDE erythrocyte membrane vesicles using monoclonal antibodies (MoAbs) against RhD and LW antigens, respectively, as described previously.21.22 About 60 pg of each polypeptide as precipitated with cold acetone and solubilized in 120 pL of 6% wt/vol sodium dodecyl sulfate (SDS) and 50 mmol/L borate, pH 8. About 30 pg of polypeptides were labeled with 12'INa by the chloramine-T procedure as described.16 The remaining material was labeled with 500 pCi of Bolton-Hunter reagent (N-suc~inimidyl-3[4-hydroxy-5(~~~I-iodophenyl)] propionate) according to manufacturer's instructions (Amersham Corp, Arlington Heights, IL). Free iodine was separated from labeled proteins by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli.23 There was no degradation of the polypeptides during the process, and the 32,000 molecular weight (mol wt) lZSI-labeled RhD protein and the 44,000 mol wt LW glycoprotein were localized in the gel by autoradiography and excised. The 2-D iodopeptide mapping was performed basically as described.14316 Gel slices containing the lZSI-labeled RhD and LW polypeptides were washed extensively with 25% (vol/vol) isopropanol and then with 10% (vol/vol) methanol, dried in a vacuum speed centrifuge in siliconized glass tubes, and incubated overnight at 37OC in 2 mL of 50 mmol/L NH,HC03 respectively (Fig I . A and B) . The For personal use only. on October 23, 2017. by guest www.bloodjournal.org From
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polypeptide (Fig 1 D) was nearly identical to that determined previously.'' The 2-D map of iodopeptides derived from the L W glycoprotein has not been previously Seen and showed significantly more peptides. most migrating in a position dilierent from the iodopeptides in the RhD map (Fig IA) .
Thcsedifferenceswere not related toefficiencyofiodopeptide release from the gel. since 80% and 60% of the applied radioactivity was recovered in the supernates of RhD and LW chymotryptic digests. respectively.
The major RhD and L W iodopeptides labeled at the extracellular membrane surface were also identical with t h w determined previously".?' and are indicated by S and sl to s4 on the composite map of RhD and LW, respectively (Fig IC) .
The positionsof the RhD iodopeptides were not altered by N-glycanasc treatment (not shown). a finding in agreement with previous observations indicating that the Rh polypep tidcsare not significantly glycosylated."On thecontrary. the position of at least I2 to I5 L W iodopeptides were modified by this treatment (Fig I B) . whereas seven others (noted I , 3, 4, 5. and sl to s3. Fig IC) 2) . as did the three peptides 2. $2. and $3. In contrast, peptides s4 from Rh and LW migrate at a slightly difkrent position on reanalysis. Peptide s3 from L W is surfacc-expobed but is probably not significantly glycosylatcd. since it was still p t w n t after N-glycanase treatment of the LW iodopeptides (Fig I B) . On the contrary. peptide s4
from LW is also cell surface-cxpobed but is glycosylated.
since it is absent after N-glycanase treatment (Fig I B) . Although the iodopeptide S from RhD comigrated with an LW iodopeptide (Fig IC) . these peptides arc not identical.
since the latter is N-glycasylated and disappeared after N-glycanase treatment. The 2-D chymotryptic iodopeptide maps obtained after labeling the primary amine residues are shown in Fig 3. There is a striking difference between the maps of LW and RhD proteins analyzed this way. since only two major spots w m present on the RhD map as compared with 16 to 20 on the LW map. These diflerences were also noted on RhD and LW maps performed after tryptic cleavage (not shown). These finding further demonstrate that the RhD and LW polypeptides are direrent molecules and indicate also that protease-sensitive primary amine residues of the RhD polypeptide'? may be clustered on this protein, possibly within two small domains that extend above or below the lipid bilayer. This would be consistent with the physical behavior of the Rh protein. which exists almost entirely between the leaflets of the bilayer." On the contrary. the primary amine residues of the LW glycoprotein are probably distributed throughout the molecule.
It is interesting that region 1 of the 2-D maps includes peptides carrying tyrosine and primary amine residues. as shown from radiolabeling ( Figs 1C and 3) . which is consistent with the hypothesis that this area contains two peptides very similar in Rh and LW proteins. However. peptide s2 is also common to both proteins (Fig 2) but contains only radiodinated tyrosine residues. The overall homology thus detected between RhD and LW polypeptides by 2-D m a p ping analysis of chymotryptic iodopeptides is limited to five peptides. out of approximately 20 major spots present in each map. This suggests that these proteins. although direrent. share protein scgments that may have a common origin. It is possible that the degree of homology between these proteins is even greater. since 2-D map analysis accentuates differences between proteins and since a single amino acid substitution may drastically modify the migration position. It is interesting and probably significant that region 1. which includes two peptides shared by RhD and LW proteins ( Figs  IC and 2) . has also been found to be conserved among the Rh-related polypeptides pment in nonhuman erythrocytes. 6 Whether t h w peptides arc important for some structural or physiologic function of these proteins requires further studies.
